Aim The present study was planned to investigate the etiology of maxillofacial injuries and to analyze the pattern of maxillofacial factures as well as the various factors influencing their distribution. Study design A one year cross-sectional study was done and 1,108 patients with maxillofacial fractures were analyzed consecutively from April 2010 to March 2011 who reported to the department of Oral and Maxillofacial Surgery in the Centre for Dental Education & Research and Jai Prakash Narayan Apex Trauma Centre, AIIMS, New Delhi. A performa was designed to collect the data that included age and sex distribution, etiology, influence of alcohol, type of fractures, use of restraints devices, associated injuries and treatment delivered. Results Out of 1,108 patients, 89.62 % were males with a male:female ratio of 8.63:1. The 21-30 year age group was found to be maximum (39.98 %). Road traffic accidents accounted for 49.01 %, followed by assault (22.38 %) and fall from height (21.66 %). Two wheelers were the most commonly involved vehicle. Out of 437 road traffic accident patients (excluding pedestrian, n = 106), only 52.40 % were found to be using restraints devices at the time of accident. Totally 25.45 % patients were under the influence of alcohol at the time of injury. According to anatomical distribution of fractures, mandibular fractures (33.57 %) were most prevalent, followed by maxilla (31.13 %), nasal (28.33 %) and zygoma (24.36 %). Head injuries (18.32 %) were found to be the most common associated injuries followed by lower limb fractures. Conclusion The motive behind executing this article is to analyze the various trends of facial fractures and all those factors that affect their distribution. A perfect understanding of pattern of maxillofacial fracture will assist the executors of health care in the treatment planning and management of facial injuries. Knowledge gained from the present study would influence in assessing the effectiveness of existing preventive measures and elaboration of future preventive measures and conducting new research.
Introduction
Epidemiological survey changes with variation in the geographical region, socioeconomic strategy, cultural and surrounding factors. So these factors should be evaluated for comparison of the data and to know the differences in the distribution and happening of maxillofacial fractures across the world. Information obtained can be used as documentary evidence for formulating preventive measures taken for such injuries in future.
Trauma of the maxillofacial region is one of the most important health hazards across the world. Maxillofacial fractures lead to severe morbidity, cosmetic disfigurement as well as problems in oral functioning. The pattern of maxillofacial trauma in north India is not well understood. Observing maxillofacial trauma helps to assess the behavioral pattern of people in various regions worldwide and helps to provide effective means through which injuries can be prevented. There are variations in facial fractures due to differences in the severity and mode of injury. There are various reports on the incidence of maxillofacial fractures in different countries. It has been observed that in developing countries [1] [2] [3] [4] [5] [6] [7] facial fractures related to road traffic accident (RTA) account maximum incidence while in developed countries, most frequent mode is assault [8] [9] [10] [11] .
Materials and Methods
A 1 year cross-sectional study was conducted in the Department of Oral and Maxillofacial Surgery, Centre for Dental Education and Research and Jai Prakash Narayan Apex Trauma Centre, All India Institute of Medical Sciences, New Delhi from April 2010 to March 2011 after obtaining ethical clearance from the ethical committee of the Institute.
A proforma was prepared for the collection of data. Patients were evaluated by age, gender, mode of injury, history of alcohol intake, maxillofacial fracture sites and other associated injuries.
The modes of injury were classified as road traffic accident (RTA), assault, fall from height, occupational, sports, gunshot and others (animal attack, pathological fractures, explosive injury, etc.). Fractures were assessed according to location that is exclusively lower third, middle third and combination of both middle third and lower third. Sites of mandibular fractures were classified as symphysis, parasymphysis, body, angle, ramus, condyle, coronoid and dentoalveolar. Sites of mid-facial fractures were classified as maxilla, zygoma, naso-orbito-ethmoid, isolated zygomatic arch, orbital floor, nasal. The mid face fractures were also classified according to Lefort classification.
The data was entered into MS Office Excel 2007 and subjected to statistical analysis using STATA Version 11. The association between age, gender, mode of injury and site of fractures were assessed for statistical significance using Chi square test. The level of significance was fixed at 5 %.
Results
A total of 1,108 patients with maxillofacial fractures were studied. The patients age ranged from 2 to 85 years with mean age of 31.19 (SD ± 13.73). Of the sample, 89.62 % (n = 993) were males with a male to female ratio of 8.63:1 (Fig. 1 ).
Age and Gender Wise Distribution
Overall, the 21-30 years age group was the most affected, comprising 39.98 % (n = 443) of patients. There was male dominance in all age groups ( Table 1) . Table 2 reveals that the most common mode of injury in male was RTA (49.01 %), followed by assault (22.38 %), fall from height (21.66 %), sports, occupational, gunshot and others.
Mode of Injury in Relation to Gender
In females most common mode of injury was fall from height.
The most common vehicle involved was two wheeler (52.85 %) followed by four wheeler (15.10 %), bicycle (7.55 %) and three wheeler (3.68 %). In road traffic accidents, the highest of maxillofacial fractures were found among drivers (58.93 %) followed by passengers (20.25 %) and pedestrians (19.52 %).
The most common mechanism of injury in RTA patient was skid 21.36 % (n = 116), followed by hit from back by a four wheeler and head on collision with four wheeler. Out of 437 RTA patients (excluding pedestrians, n = 106), 52.40 % were using restraints or helmets. 25.45 % (n = 182) of patients were under the influence of alcohol at the time of injury.
Distribution of patients according to location of maxillofacial fractures is given in Table 3 .
Middle third fracture was most commonly seen in the study.
According to anatomical site, mandible fractures were most prevalent 33.57 % (n = 372) followed closely by maxilla 31.13 % (n = 345), nasal 28.33 % (n = 314) and zygoma 24.36 % (n = 270) as presented in Fig. 2 .
In the mandibular the most common was condylar fracture 42.47 % (n = 158). The second most common was parasymphysis 34.94 % (n = 130) followed closely by angle 34.13 (n = 127). The least common sites were ramus 2.41 % (n = 9), coronoid 3.49 % (n = 13) and dento alveolar 5.37 % (n = 20) as shown in Fig. 3 . 
Mode of Injury and Mandibular Fracture Site
In case of RTA and fall from height, most common mandible fracture site was condyle, while in assault it was angle.
Mode of Injury and Mid Face Fracture Site
In RTA group most common mid face fracture site was maxilla (n = 239), whereas in case of assault and fall from height nasal bone (n = 121) was most commonly involved.
Age Group and Fracture In age group of 0-10 years, the most common fracture site was condyle while in age group 11-20 years, the incidence of condylar and angle fracture was almost similar but still condylar fractures were more in number. But in patients between 21 and 30 years of age, angle of the mandible was most commonly involved. 
Distribution of Mid Face Fracture at Lefort Level
Lefort I fractures were most prevalent 15.52 % (n = 172). Among unilateral fractures, the most common was Lefort I while in bilateral fractures Lefort II was the most common as presented in Table 4 . Figure 4 shows that among associated injuries, the majority of patients sustained head injuries 18.32 % (n = 203). Frontal bone fracture accounted for 9.11 % (n = 101). Lower limb fracture occurred in 4.51 % (n = 50), while upper limb fracture accounted for 3.70 % (n = 41).
Totally 484 patients (43.68 %) were treated conservatively, 148 (13.35 %) by closed reduction, 171 (15.43 %) by open reduction and internal fixation. 257 patients (23.91 %) were referred to other government hospitals due to various reasons (Table 5) .
Discussion
In the present study, there was male prevalence with a male to female ratio of 8.63:1. Our finding correlates with that from Uganda (7.7:1) [12] , Switzerland (6.2:1) [13] and Nairobi (8.4:1) [14] . When compared with studies from United Arab Emirates (11:1) [15] and Nigeria (16.9:1) [16] , this figure is relatively low but is considerably high when compared with studies from Korea (3.2:1) [9] , Scotland (3:1) [17] , Innsbruck (2.1:1) [18] and Finland (1.6:1) [19] . The higher percentage of males in this regard is related to the observation that in most of the families, males extensively work outdoors in order to earn the livelihood for the family which in turn makes them more susceptible to involve in RTA and assault.
Most commonly affected age group was 21-30 years in the present study as found in many other studies [12, 16, 20, 21] . This could be because people in this age group usually complete their education and venture out in search of jobs; are involved in more outdoor activity making them more vulnerable to injuries as compared to other age groups.
Road traffic accident is a major cause of maxillofacial injury in our study. Our finding correlates with the findings of other studies [1, 2, 4, 5, 12, 15, 22, 24, 25, 27, 28, 30, 31] in respect to RTAs being the main etiological factor for maxillofacial fractures. This could be due to the fact that there is lack of individual sensitization about importance of safety devices of the vehicle, lack of adherence to safety rules and regulation, (most of the vehicles do not have all the safety devices), lack of clear road traffic signal, congestion on the road due to lack of separate pathways for pedestrians, large numbers of overloaded buses and poorly maintained two wheelers.
Comparison of different modes of injury with other studies is given in Table 6 .
We found that higher percentages of maxillofacial fractures in female were caused by fall from height (43.48 %). This is in accordance to study by Ellis et al. [17] and Roccia et al. [32] . This is due to the fact as reported by studies that females are not much associated with any kind of outdoor occupation and sports related injuries [1, 7, 18, 20, 33] .
Two Wheeler as Most Common Vehicle
The vehicle most commonly involved in RTA in our study was the two wheeler as also reported in other studies [2, 3, 27, 28] . People using two wheelers for travelling are more prone to RTA than four wheeler users as two wheelers are relatively less stable and provide lesser protection to the riders, The most commonly involved mechanism of injury in current study was skid, followed by rear impact crashes. Protective effect of restraints offer a significant reduction in facial fractures in road traffic accidents [34, 35] . Though legislation has made compulsory use of seatbelts and helmets in India, inspite of this the use of safety devices during driving is lacking, which is explained clearly by our figures in this study i.e. 47.6 % patients were not using the safety devices at the time of accident. This finding is in contrast to the study by Weninger and Hertz [36] which showed a higher percentage (84.1 %) and Gopalakrishna et al. [37] which presented a lower value (18.1 %) of the restraints use. General public should be sensitized regarding traffic rules and regulations, importance of safety devices and safe driving rules as well as the law has to be mandatory to all and its enforcement should be there in order to lower the incidence of RTA.
Alcohol consumption is also a contributing factor to the occurrence of maxillofacial injuries [38] . In the present study, 25.45 % of the patients were under the influence of alcohol at the time of injury which is similar to the study by Eggensperger et al. [13] . But this value is less as compared to the study by Gopalakrishna et al. [37] (41.4 %) and Shapiro et al. [39] (45 %) and more as compared to the study by Lee et al. [9] (18.8 %). This figure also indicates that safe driving rules and regulations are not being implemented strictly.
Distribution of Maxillofacial Fractures According to Anatomical Third
In present study, the most common location of the maxillofacial fractures was found to be middle third (66.42 %). This finding correlates with the findings of other studies [13, 18, 27, 31, 40] . But in other studies isolated lower third fractures were found to be maximum [1, 7, 12, 19, 26, 30] .
The facial bones act as an energy absorbing cushion and reduce the risk of traumatic brain injury, thus protecting the intracranial organs [41] .
Mandible as Commonest Bone Involved
Mandible was the most commonly involved bone in the present study. Although being the heaviest and strongest facial bone, the mandible is more susceptible to fracture because it is the only movable facial bone and it has anatomical peculiarity in form and location. Various studies have also shown the mandible to be the most affected bone [1, 2, 7, 12, 15, 19, 22, 24, 26, 28, 33, 42] . But other studies accounted zygoma to be the maximally involved bone [29, 43] . 
Condylar Fracture in the Mandible as Commonest Fracture
We have seen that the condylar fracture was the most common fracture that occurred in the mandible. This finding correlates with findings of other studies [7, 15, 18, 19, 24, 27, 32, 33, 42] . However in contrast to our study, various studies have reported that most common mandibular fracture site was body of the mandible by [1, 17, 22, 26, 28, 30, 44, 45] , parasymphysis [3, 6, 46] , symphysis by [12] and angle of the mandible by [9] .
Relation Between Mode of Injury and Mandibular Fracture Site
A report with high values of RTA tended to present predominantly condylar fracture in the study. Various studies have confirmed this finding [15, 17, 19, 27, 42] . Some studies accounted for fractures of the body to be the most frequent mandibular fracture sites [12, 17] while others showed symphysis [45] and parasymphysis [46] related to road traffic accident mode. A possible explanation for this finding i.e. condylar fracture as most common, is due to the fact that most of the commercially available helmets for two wheeler do not cover the total facial area especially the chin. Fall from two wheeler on chin causes indirect trauma to the condyles. It is a known fact that condylar fractures often result from an indirect trauma to the chin. This is the trauma mechanism for more number of condylar fractures seen in our study.
In case of trauma from assault, angle of the mandible was the common site for fracture which is in accordance to other studies [12, 17, 24, 40, 46] . This is because as the angle is a weak region due to thinner cross-section and presence of third molar, lateral impact forces enforced on angle region leads to its fracture.
Lefort I as Most Common Fracture in Mid Face Region
In the middle third region, most common site of fracture was maxilla. This finding correlates with findings of other studies [12, 15, 33] . Zygomatic complex as most common site was reported by some studied [1, 13, 19, 22, 24] and nasal bone fractures by others [7, 9] .
Majority of middle third fractures were situated at the Lefort I level followed by Lefort II and Lefort III fractures [15, 24, 43] ; similar results were seen in other studies as well.
Relation Between Mode of Injury and Mid Face Fracture Site
In RTA group most common mid face fracture site was maxilla which is in accordance to the study by Kamulegeya et al. [12] .
In assault most prevalent mid face fracture location was nasal bone while in others it was zygomatic complex [12, 17, 29, 40] . The involvement of nasal bone is attributed to its prominent location on the face and relative structural weakness.
Fracture in Pediatric Patients
In pediatric patients, most common site of mandibular fracture was condyle. The understanding of the anatomy and development of growing pediatric mandible will enable to explain this phenomenon. The shape of the condyle which has a relatively broad neck and high content of cancellous bone with only thin rim of cortex makes it the weakest site in the mandible, so force transmitted here will results in fracture of the neck and subcondylar region [47] .
Associated Fractures
In the present study, head injuries were the most common associated injuries followed by lower limb fractures. This finding correlates with that of other studies [36, 38] .
We found that the overall mortality was 2.52 % (28 patients) out of which 92.85 % patients were males. The most common mode related to death was RTA (78.57 %) followed by fall from height mode (7.1 %). Out of the 28 patients who died, 53.57 % (15 patients) had associated frontal bone fracture and 14.28 % (4 patients) were associated with ribs fracture too. The cause of death in most patients was severe head injury.
Management of the Maxillofacial Fractures
Treatment of maxillofacial fractures varies from surgeon to surgeon and depends on available facilities. Most of the patients with nasal, zygomatic arch, and pediatric condylar fractures were treated conservatively.
Before rendering close or open method of treatment for maxillofacial injuries important consideration should be made regarding age of the patient, type of the fracture, involvement of neighboring vital structures and associated injuries.
The management of severe maxillofacial trauma is challenging and to optimize patient care and outcome, an interdisciplinary approach by different specialties is required.
Conclusion
Due to non adherence to traffic rules and regulations, lack of knowledge about the importance of restraint devices, lack of knowledge about safe driving, congestion of road by more number of vehicles, lack of clear traffic signals and separate pedestrian roads in majority of the areas, all fulfill the criteria required for more number of road traffic accidents which is the most common cause of maxillofacial fracture in our study.
Remedy: There is need for sensitizing every individual (drivers, passengers, pedestrians, general public including children from the school level (provision to implement in school syllabus)) about the rules and regulations of traffic, safe driving and importance of using the restraints devices during driving.
